ME 4010 MECHANICAL ENGINEERING DESIGN SECOND EXAMINATION 2015MARCH24 


SOME BACKGROUND TO WHAT YOU WILL BE DOING IN THIS EXAMINATION; 

A CONCEPT ELECTRIC VEHICLE CAPABLE OF ROAD DRIVEABILITY AND AIR FLIGHT UTILIZING THE 
MAGNUS EFFECT IS PROVIDED FOR YOU TO STUDY / CONTEMPLATE. FOR THIS VEHICLE PERFORM THE 
ENTIRE ANALYSIS / FEASIBILITY FROM AN ENGINEERING VIEWPOINT AS OUTLINED BELOW; 

■ SYSTEM NUMBERS LIKE MAGNUS LIFT COEFFICIENT, REQUIRED ROTATIONAL SPEEDS / 
HORSEPOWER / TORQUES OF MOTORS, GEARBOX RATIOS AND OUTPUTS, BEARINGS SIZES 
ETC., YOU HAVE BEEN EXPOSED TO MAGNUS EFFECT, WE ARE TAKING IT HIGHER 

[DURING EXAMINATION REVIEW WE WILL GO OVER THOSE TOPICS ABOVE] 

■ LOOK AT THE FIGURES 1 THROUGH 9 AND GET A GLIMPSE OF THE SMITH-PUTNAM WIND 
TURBINE AND THE iCar 101 PoP PROTOTYPE PHOTOS AND THE SPECIFICATIONS TO GET AN 
IDEA OF INNOVATIONS AND ALSO WHAT’S GOING ON IN THE VEHICLES SECTOR 

■ THE LAST PAGES HAVE THE DETAILS PRESENTED ON THE CONCEPT ELECTRIC VEHICLE CAPABLE 
OF ROAD DRIVEABILITY AND AIR FLIGHT UTILIZING THE MAGNUS EFFECT. THIS IS GOING TO 
BE AN ALL ELECTRIC POWERED VEHICLE ROAD DRIVING AIR FLIGHT ETC., AND HAS NOTHING 
IN COMMON WITH THE iCar 101 PoP. 


EXAMINATION IS BACK DUE ON 2015APRIL10. I AM MENTIONING IT AGAIN KNOWING THAT 
YOU WILL DO YOUR OWN WORK; PLEASE DO YOUR OWN WORK. 


V 


GOOD LUCK. 
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FIGURE 1. SMITH-PUTNAAA WIND TURBINE 

THE SMITH-PUTNAM WIND TURBINE WAS 
BUILT IN 1941 AND WAS DESIGNED TO 
GENERATE 1.25 MEGAWATTS OF ELECTRICITY 
AND WAS NOT ONLY STATE OF THE ART IN 
TECHNOLOGY BUT WAS FAR AHEAD OF ITS 
TIME IN ITS ABILITY TO SYNCHRONIZE 
WITH THE ELECTRICAL GRID. VANEVAR BUSH 
HAD SAID THAT THE WIND TURBINE HAD 
PROVED SUCCESSFULL TYING INTO THE GRID 
AND BASED ITS SUCCESS TO PREDICT THE 
USAGE OF WIND POWER TO GENERATE 
ELECTRICITY IN THE FUTURE. THE WIND 
TURBINE RAN CONTINUOUSLY FOR 1100 
HOURS AND WAS INSTALLED AT GRANDPA'S 
KNOB IN VERMONT, USA. 

VANEVAR BUSH WAS THE INSPIRATION 
BEHIND DOUGLAS ENGELBART THROUGH HIS 
PAPER; AS WE MAY THINK, WHICH INSPIRED 
DOUGLAS TO PUT TOGETHER THE HUMAN 
AUGUMENTATTON PROJECT IN 1962 WHICH 
RESULTED IN THE PRESENT DAY COMPUTERS 
AND THE INTERNET. 
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FIGURE 2. iCar 101 PoP PROPOSED PROTOTYPE [PHOTO 1/4] 
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FIGURE 3. iCar 101 PoP PROPOSED PROTOTYPE [PHOTO 2/4] 
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FIGURE 4. ICar 101 PoP PROPOSED PROTOTYPE [PHOTO 3/4] 
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FIGURE 5. ICar 101 PoP PROPOSED PROTOTYPE [PHOTO 4/4] 
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Magnus Effect 


News 


Latest Updates 


The Magnus effect is the phenomenon whereby a spinning object flying in a fluid creates a whirlpool of fluid around 
itself, and experiences a force perpendicular to the line of motion. 

The overall behaviour is similar to that around an aerofoil with a circulation which is generated by the mechanical 
rotation, rather than by aerofoil action. 


01 November 2014 

An updated version of 
iCar-101.com for AEA 
second anniversary 


The lift generated by a right cylinder depends on : 

- the speed of the cylinder through the fluid 

- the density of the fluid, 

- the angular velocity of the cylinder, and 

- the diameter of the cylinder. 


05 January 2014 

Exclusive preview of iCar 
101 PoP on Facebook 


Prototype 


01 March 2013 

The AEA starts building an 
iCar 101 demonstrator 


Increasing one of these parameters results in increasing the generated lift 


The centrifugally deployable "Magnus effect" spinning wings of iCar 101 PoP are very compact and generate much 
more lift than an aerofoil the same size. 


Magnus Effect / iCar 101 
^ www.icar-101.com/icar/index.php7/eng/Magnus-Effect 


Q 0 

FL 



1 V 



m 


C Qk Search 


FIGURE 6. ICar 101 PoP AAA6NUS EFFECT EXPLANATION 
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Latest Updates 

01 November 2014 

An updated version of 
iCar-101.com for AEA 
second anniversary 


iCar 101 PoP 

05 January 2014 

Exclusive preview of iCar 
101 PoP on Facebook 


Prototype 

01 March 2013 

The AEA starts building an 
iCar 101 demonstrator 


AEA 

01 November 2012 


iCar 101 PoP 


iCar 101 PoP is a flying car with centrifugally deployable and retractable spinning wings. 


Main characteristics: 


- Number of passengers: 

- Range: 

- Maximum flying speed: 

- Maximum driving speed: 

- Cruising altitude: 

- Length: 

- Width (driving mode): 

- Wingspan (flying mode): 


900 to 1200 km 
280 km/h 
180 km/h 
3350 metres 
5.2 metres 
1.8 metres 
5.2 metres 


560 to 745 miles 
174 mph 
112 mph 
11000 ft 
17 ft 
6 ft 
17 ft 


Wings characteristics 

iCar 101 PoP has two motorized wings spinning at a rotation speed between 3000 rpm and 6000 rpm. 

These spinning wings are composed of a rigid axis surrounded by a flexible envelope made of high strength textile 
(Zylon). The flexible envelope is deployed by the centrifugal force generated by its rotation. 


FIGURE 7. ICar 101 PoP PROPOSED PROTOTYPE CALCULATIONS [1/3] 
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The AEA starts building an 
iCar 101 demonstrator 


AEA 

01 November 2012 

Creation of the 
"Aeromoblle European 
Association" (AEA) 


Read all news 


Wings characteristics 

iCar 101 PoP has two motorized wings spinning at a rotation speed between 3000 rpm and 6000 rpm. 

These spinning wings are composed of a rigid axis surrounded by a flexible envelope made of high strength textile 
(Zylon). The flexible envelope is deployed by the centrifugal force generated by its rotation. 

The rotation speed of each wing is set Independently thanks to a controlled differential. As the lift generated by each 
wing depends on its rotation speed, the controlled differential makes it possible to pilot the roll angle of the aircraft. 


- Spinning wings specific features 

- Wings suspension 

Thanks to their compactness, it has been possible to connect the spinning wings to a suspension system. 

The wings suspension system Improves the comfort of the aircraft when flying in turbulent weather. 

- Lift control 

By changing the rotation speed of the spinning wings, the lift generated by the wings is easily controlled. 

A landing assistance system takes advantage of this specific capability. 

- Reaction torque 

Thanks to the reaction torque induced by the spinning wings, the centre of gravity of the flying car is located in 
a central position. This contributes to a better stability of the flying car in driving mode. 


- Magnus effect optimization 

In order to maximize the lift-to-drag ratio of a spinning wing, the peripheral speed at the surface of the cylinder must 
be higher than twice the speed of the aircraft. 

The diameter of iCar 101 PoP cylindrical wings being 50 cm, the peripheral speed at 6000 rpm is 565 km/h. 

This maximum peripheral speed partially explains why the flying speed of iCar 101 PoP is limited to 280 km/h. 


- Magnus effect lift calculation 

The standard lift equation applies to Magnus effect wings. 

Lift = 0.5 X (air density) x (aircraft speed)^ x (wings projected surface) x (Magnus effect lift coefficient). 

- Air density = 1.1 kg/m^ 

- Aircraft take-off speed = 160 km/h = 45 m/s 

- Projected surface of both wings = ( 2 x 0.5 m x 2 m ) = 2 m^ 

- Magnus effect lift coefficient = 4 



FIGURE 8. ICar 101 PoP PROPOSED PROTOTYPE CALCULATIONS [2/3] 
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- Spinning wings specific features 

- Wings suspension 

Thanks to their compactness, it has been possible to connect the spinning wings to a suspension system. 

The wings suspension system improves the comfort of the aircraft when flying in turbulent weather. 

- Lift control 

By changing the rotation speed of the spinning wings, the lift generated by the wings is easily controlled. 

A landing assistance system takes advantage of this specific capability. 

- Reaction torque 

Thanks to the reaction torque induced by the spinning wings, the centre of gravity of the flying car is located in 
a central position. This contributes to a better stability of the flying car in driving mode. 


- Magnus effect optimization 

In order to maximize the lift-to-drag ratio of a spinning wing, the peripheral speed at the surface of the cylinder must 
be higher than twice the speed of the aircraft. 

The diameter of iCar 101 PoP cylindrical wings being 50 cm, the peripheral speed at 6000 rpm is 565 km/h. 

This maximum peripheral speed partially explains why the flying speed of iCar 101 PoP is limited to 280 km/h. 


- Magnus effect lift calculation 

The standard lift equation applies to Magnus effect wings. 

Lift = 0.5 X (air density) x (aircraft speed)^ x (wings projected surface) x (Magnus effect lift coefficient). 

- Air density = 1.1 kg/m^ 

- Aircraft take-off speed = 160 km/h = 45 m/s 

- Projected surface of both wings = ( 2 x 0.5 m x 2 m ) = 2 m2 

- Magnus effect lift coefficient = 4 

Lift = 0.5 X 1.1 X (45 X 45) X 2 X 4 = 8910 Newton = 9.81 m/s2 x 908 kg 

The force generated by the spinning wings easily lifts a 850 kg fully loaded iCar 101 PoP aeromobile. 


Further information about Magnus effect lift coefficients can be found in "A review of the Magnus effect in aeronautics " 
published in "Progress in Aerospace Sciences", Volume 55. 



FIGURE 9. iCar 101 PoP PROPOSED PROTOTYPE CALCULATIONS [3/3] 












































































































































































































































